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ABSTRACT

A matter which is strondy debated in the SSA
Community, concerns the observation of Space Debris
from Space[1]. This topic has been preliminary studied
by our Team for LEO, MEO and GEO orhital belts,
alowing to remark a fundamental concept, residing in
the fad that to be suitable to provide a functionality
unavailable from ground in a cost to peformance
perspective, any Space Based System mug opeate in
tight collaboration with an efficient Opticd Ground
Observation Network. In this work an anaysis of the
different functionaliti es which can be implemented with
this approach for every orbita bet is illudrated,
remarking the different achievable targets in terms of
population size as a function of the observed orbits.
Further, a preliminary definition of the most interesting
missons scenarios, together with considerations and
asesgnents on the observation strategy and P/L
characteristics are presented.

1 INTRODUCTION

Compagnia Generdle pa lo Spazio (CGS SpA),
formerly Calo Gavaza Space has consolidated an
Italian Caonsortium, comprisng the Mathematics
Department of Pisa’s University (DM), Space Dynamics
Services (SpaceDyS), the Ingtitute for Applied Physics
(CNR-IFAC) and the Italian Nationd Ingitute for
Astrophysics  (INAF), which has a remgnised
expaience on SSA problematic. In this framework
many SSA topics have been successully studied and
innowative solutions have been propased, opening the
way to successul applications [2][3].
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In this framework the oppartunity to implement a Space
based concept for the observation of Space Debris has
been preliminary analysed by our Consortium in order
to clealy define al pros and cons related to a Space
Based Space Debris Observation System and to
predsely define the conditions unde which such a
system can become an interesting solution to solve SSA
problematic arguments.

A basic statement which resuls clea at a firg simple
analysis is tha a Space dement cannd in any case
entirely replace in a cost-effective way, the ground
element. The main reasons are misson time duration
and observation timeliness A ground-based
telescoperadar can be operationd, with maintenance,
for 20 and more yeas. A satelite with a guaanteed
lifetime longe than 5 yeas is drealy very expensive.
Moreover, the timelinessrequirements for a SST system
are very tight, of the order of 1-2 days all owed beween
re-observation of eat objed aready identified. Thusa
space-based segment cgpable of working alone, without
any support from a ground element, would need a
constellation of several S/C to guaantee timelinessin
the observation of al olheds, and a replacement every
4-5 yeas.

From the above considerations, it follows that, among
the list of functions a system mug peform to caalog
debris, the ones which are best suited for a space
segment are the initial ones, that is the very first
observations and the ealy stages of correlation, in
particular the one called ‘cold start’ or ‘linkage’, that is
the processlealing to the very first full orbit.

On the contrary, the follow up observations are more
effectively and emnamicdly peformed from the



Ground, due to bath easier panting acaracy — as
compared to the effort required from Space nat only
considering the P/L but also the class of the required
Satellite platform and volume daa handing. A space
based sensor simply repladng either a groundbased
sensor or even a software comporent for correlation,
without introdudng an improvement in the
peformances obtained from Ground, is obvioudy a
waste.

In the following an andysis of a feasible strategy
alowing to judify the applicaion of a Space Based
System is outlined and assessed.

2  PRELIMINARY ASSESSMENT OF THE
EXPECTED SPACE BASED OPTICAL
OBSERVATION PERFORMANCES

The driving parameter allowing to assss whether an
objed can be deeded or nat by means of an opticd
observation, i.e. by colleding an image of the portion of
the sky where it resides during a certain time lapsg, is
the value of the Signal to Noise Ratio (SNR) registered
in the image pixels upan which the objed insisted
during theimage coll edion period.

Many paameters affed this vauedepaedngon:

a) the objed luminasity, which can be assesed by
evaluaing the objed appaent V.4 at the
observation time. This paameter is affeded by
many physicad paameters concerning bath the
ohjed itself (such as the objed size the objed
distance from the observation paint, the objed
abedo, etc.) and the observation geometry (e.g.
phase angle, trailing loss etc.)

b) the observation condtions (exposure time and
consequent Poisson’s statistical noise, sky
badkgroundnase, etc.)

c) the opticd characterigtics of the opticd system
adopted to colled the image, establishing the net
flux of phaons arising from the objed surfaceand
findly impingng in the senstive area of the
detedors that register the objed image (such as
entrance aperture, F-number, pixel scde, opticd
efficiency, obstructions, ps dimensions, etc.)

d) the characteristics of the deedor applied for
image colledion (e.g. pixel size dak current, read
out nase, binning, cosmetics, etc.)

It is evident that the abowe reported list comprises the
fundamental eements alowing to define the P/L
requirements and is necessry to propely preliminary
sded its congtituting elements.

The detaled evaluaion of the above reported
paameters alows to assess the SNRs expected from a
target objed once its observation condtions are set and
the opticd observation appaatushas been defined.

A preiminary evaludion is possble in this view by
devdoping a modd of the observation, taking into
acount the main dements contributing to the formation
of the Signd to Noise ratio values as a function of the
observed objed appaent magnitude Vi By
introdudng different observation parameters it is then
posshleto cdculate the expected SNR.

In particular different pixel scdes and entrance aperture
diameters are considered, as parametric variables, in
orde to preiminay define the P/L characteristics
necessary to deted different classes of ohjeds.

This way one can assssthe expected SNR for objeds
characterised by different apparent magnitudes, when
CCDs are applied as deedor elements, with the
following paameters

- Deedor QE = 0.55 (mean value over the whde
visible spectral segment)

- R/O Noise = 25e/pix

- Dark Curent = 6 pAlcm® @ 25°C

- Deedor Opeaaing Temp = -55°C

- Filter Band = clea band

- Opticd Efficiency = 0.8

- Sky Badkground= 215V farcsec

and by consideing, for the case of un-binned pixels,
different exposure times, different F-numbers (giving
rise to different pixel scdes), as well as different
entrance diameters. Of course no sedng effects are
present in space an important fador alowing to
improve the SNR.

It mugt be remarked that the pixel scde parameters have
been seleded considering the limitations encountered on
board of a Space Based appaatus bath dueto panting
stabilit y and data volume handling cgpahility.

The obtained results are reparted in Tab. 1, where SNR
values lower than 3 are remarked, as a SNR = 3 is
consideed as a threshdd value effedive to allow
detedion of the observed objed.

It isclea from Tab. 1 that:

a) the major drivers deermining whether a faint
obed isdetedable or nat arerepresented either by
the telescope entrance diameter or by the exposure
time,

b) medium-high class constituting elements (opticd
efficiency, detedor efficiency, etc) mug be
applied in orde to guarantee the sufficient
detedion capability, without requiring the
introdudion of inconvenient aperture diameters,

c) the optimal opticd P/L sizeis strongy related to
the orbital belt charaderigtics.



Table 1. Expected SNRvalues asa function of the P/L entrance diameter (D), pixd scale (PS)and expoure time (t), for
different ojed apparent magnitudevalues (Vimag). In particular two PS cases, 4.4”/pix and 3.0"/pix. respectively, are
reported with the expected NR values, for different telescope apertures and exposure times (1s and 10srespedivdy).
SNRvaluesremarked in dark yel oware lower thanthethreshold value 3, conddered asminimumto deted the ohed.

PS = 4.4”/pix PS = 3.0”/pix
> SNR > SNR
Vmag Exposure Time Vmag Exposure Time
t=1s [t=10s t=1s [t=10s
200 200
19 0.577 4572 19 0.584 4929
18 1426 10433 18 1441 11091
17 3.443 21848 17 3477 22778
16 7.927 41296 16 7.994 42264
300 300
19 1.248 8.352 19 1.278 9.379
18 3.030 18303 18 3.098 19940
17 7.054 36344 17 7.188 38275
16 15222 65507 16 15434 67232
400 400
19 2.109 12218 19 2192 14098
18 5.023 26144 18 5.199 28885
17 11265 50533 17 11577 53476
16 23034 89210 16 23451 91665
500 500
19 3.109 16.047 19 3.283 18845
18 7.261 33859 18 7.608 37714
17 15.756 64486 17 16.308 68414
16 30928 112.644 16 31577 115.811
600 600
19 4.203 19824 19 4508 23551
18 9.642 41466 18 10216 46420
17 20350 78286 17 21184 83177
16 38.769 135.929 16 39659 139.794

3 SURVEYING AND TASKING SNR
BASED STRATEGY

For a given telescope peformance the Signa S
depads upan the ratio d¥r? (where d is the mean
diameter of the debris observed surface and r the
distance), upan the trailing lossparameter T (defined as
the length in pixels of the trail for a given exposure
time) and upan the phase ¢ (defined as Sun-Debris-
Observer angle).

Given the enomoudy supeior cost, bah for
procurement and operations, of a space-based telescope
with respect to a ground lased one of the same size if
the quantities r, T and ¢ were the same - or such tha
the SNR turns out to be the same for the same diameter
d - the chace of a Spacebased sensor would be
unjudified.

The paametes r and ¢ mug be considaed in
combination; the apparent magnitude of an objed



observed at a given phase ¢ degrees can depend upm
the ohjed albedo and surface charaderigtics, but we
can use as reference a well-known modd used for
asteroids - corresponding to a value 0.15 of the slope
paameter G [4] - for which ¢ = 90 deg corresponds to
an increase by 2.1 magnitudes, tha isalossby afador
6.9 in signd, equivalent to a changein r by a fador
2.6. Thevalue ¢ = 120 degg correspondsto alossof 3.6
magnitudes, tha is a fador 27.5, which could be
compensated by adecreasein r by afador 5.25.

The trailing loss T is the most interesting parameter to
discuss the Ground/Space telescope trade off. In
genera the valueof T is much larger for a Space-based
telescope, because of two effects. 1) the velocity of the
space platform contributes to the relative vel ocity, thus
totheanguar velodty; 2) if asmaller valueof r isused
to improve the SNR, then the value of T grows
propationdly to 1/r. Smaller values of the rdative
velocity, thus of T, can be obtained from spaceonly if
the target debris is on a similar orbit, where ‘similar’
implies not jug smilar semi major axis and
eccantricity, but even more similar orbit plane.

The SNR lossdueto traling T is of the orde of 1/T if
the trail s are deteded by sufficient SNR on eat pixel,
but can be enhanced of the orde of 1/(2 sgrt(T)) if the
trail is deteded by an advanced image processng
averagingon all posshletrails[5]. Sometypicd values
of T for a ground based telescope with a pixel scde of
1.5arcsedpixel are 600for alow LEO, 200for a high
LEO (bath with 1sexpasure), 200for a MEO (with 10
s exposure); al these values are obtained by assuming
sidered painting [2][3]. From this numbers it is clea
that theladk of an advanced image processng resultsin
an inaccetable degradation of the sensor performance

For GEO, with the smple method of stopping the
motor driving the motion in right ascension of the
telescope, the values of T could range between 1 and
60 (for a 10 s expowure), with the highest values for
nonresident GEO such as GTO; thusfor resident GEO
trail detedion is much simpler, and even longer
exposures can be used easily.

For spacebased telescopes the values of T depend from
the pixel scde, which is expected to belarge than the
ones to be used on the ground, because of the much
larger cost of produdng, processng and/or transmitting
largeimagefilesin space

Nevertheless given tha angdar velocities beween
compaatively nea satellites are of the orde of 1
degree pe sewond, with even higher pesks for the
contra-rotating targes, at a first sight there are few
posshiliti es for findng a favourable trade off in terms
of SNR between a small telescopein space ( telescope
diameter D in the range 20-40 cm) and a larger
telescope on the ground(D = 100cm, [2]). Some cases
can be excluded straight away: to observe higher

obheds, like MEO and GEO (but dso NEO) from LEO
cannd work in this perspective, because a LEO orhit is
na any closer than a ground station - r is about the
same - the phase cannd be very different and there is
no way to get a lower anguar velocity than the one
from the ground, thus the telescope diameter required
from space is about the same, apart from advantages
due to daker badkground and no atmospheric
absorption, which are by no means enough to
compensate for the smaller size for space-based dueto
cod consideration.

On the contrary the above andysis suggests a way
forward for the design of a space-based eement,
provided it is nat forgatten tha the target design is for
an integrated system containing bath Groundbased
and Spacebased eements. In fad, the process of
caaloguing the orbits of a population of space debris
includes at |least threesteps

1) thereis a survey phase, in which new objeds are
‘discovered’, without prior knowledge of their
position and angular velocity on the cdestial
sphere, that is observed multiple times at such
intervals tha correlation is possbhle and a
preliminary 6-parameter orbit can be computed

2) thereis a confirmation phase in which the same
ohed can be recveed by targeed follow up
(also cdled, in different context, tasking or
tracking)

3) the orbit computed by least squaes fit to the
observations of 1) and 2) neeads to be maintained,
by re-observing often enough to maintain the
acaracy envelope nealed to predict posshle
coincidencewith the targesin its orbit region.

For step 2it is arealy posshle to predict the paosition
and angdar velodty of the objed whose orbit was
generated by step 1), dthough as a generd rule of
thumb the postion is weekly constrained, thus
requiring awidefield telescope'radar for follow up.

On the contrary, an interesting result obtained during
the ESA SARA study [2] was that the predictions of
the angular velodty are pretty goad, to the paint that
thetelescoperadar could be used in tracking mode, that
is moving in a way different from sidered panting, to
ohtain a decrease of the trailing paameter to T = 1.
This result suggest then tha the tradking sensor can
ohtain abetter SNR by a fador of the orde of 10.

In concluson, for Ground Iased tel escopes the tracking
mode can all ow to foll ow up ohjeds which are afador
about 3 smaller in diameter than the ones which can be
discovered by the same tel escope when used in survey.

On the other hand, the same methad to improve the
performance in tracking mode is nat easy to apply to
space-based telescopes. Either there is a telescope



mounted on gimbals, with two degrees of freedom, or
the panting of the telescope to a spedfic diredion and
with a given angular veocity requires to change
frequently the attitude of the S/C. This appears to be
incompatible with a compditive cos of the Space
element. Moreover, it is nat clea from the above
reported simple considerations that such Space Based
Trakingisadudly required to achieve correlation.

Before drawing a genera concluson on the best way to
coopeaate between a Groundbased network and a
Space-based constellation, we neel to andyse the
exceptions cited abowe of Spacebased opticd
observations with low anguar velocity. Since nat jus
semi-major axis and eccatricity but also the orbita
plane neal to be similar, for segments of the debris
population which are widdy dispersed in orbitd plane
the ‘co-rotating’ debris with small angular velocity are
asmall fraction; even in the Sun-synchronaus group of
orhits. Although the distribution of nodes is nat
uniform, there isnoway to cover alarge partion of the
population unless large values of T can be handled.
Thus the main examples of low angular velocity
surveys are jug two: one in GEO, where the resident
GEO could be observed from an orbit which is nealy
equaorial and nealy circular, with a period dightly
smaller then one day; the other in MEO, where it is
concdvable to launch a Space Based Surveill ance
System (SBSS in (or nea) one of the planes of a
paticular constellation asst (e.g. Gdil €0).

One basic propety of bah cases is clea: such a
misson would be very effedive for step 1) (discovery
and ealy corrdation), possbly even for step 2)
confirmation, but there is no way to use it for step 3)
orbit maintenance This becai the low relative
velocity provides an extended peiod in which the
observations are possble, without the neel to
manceuvre the S/C attitude but this advantage is pad
by an extended peiod, even months, in which
observations are no more posshle. Although the
argument in this special caseisdifferent, the quditative
concluson isthe samefor all four orbital regions: there
is no paint in discovering objeds which cannad be
foll owed up from the ground

4 SPACE-BASED GEOMETRY FOR
SURVEY

In orde to allow a proper correlation processfoll owed
by a preliminary orbit determination, at lesst two
tracklets of the same objed mug be recrded from
different paints and/or ad different times. This can be
obtained by exploiting a couple of SIC <anning the
orbital belt to be deeded. An advanced orbit
determination processin fad [5] alows to reduce by
one unit the conventiond three S/C nealed to obtain a
set of three digtinct and correlated observations as
required by conventional orbit determination methods

Beyond the advantage offered by advanced orbit
determination techniques, the geometry of the
observation plays a key role in improving the efficacy
of the methad, in fadt usng two satellit es looking on
the same objed increases significantly the available
information for its orbit determination.

In practice the concept foresees pladng two satellites
in the same orbit with a relative distance to ead other
alowing to observe in a dud correlated mode the
portion of the orbital belt which mugt be subjed to
surveying. This way ead S/C hosts a P/L suitable to
observe a stripe of Sky with a well-defined shape
(typicdly 5x15 sq. deg.) sepaated ead other by a
well-defined gap (typicaly 20 deg). This geometry can
be defined as a ‘correlating configuration’. The idea of
a correlating configurdion, depends also upm the
software techndogy used. The classcd methods for
cold start correlation use threeseparate detedions, with
large enough spacing in time [6]. In the yeas 2000
2010 there has been a very subdantial progress in
correlation agoaithms, as a resut of dedicaed
mathematicd research. There is now a list of known
and well tested methads with a significant literature.

The most effedive method, which was also the main
tod of the extremely successul SARA simulation [2],

is the one called “Keplerian integrals” [7]. A new
generation method of this class has been puHished
recently, with the posshilit y of improving by almost an
order of magnitude the computationd speed [8]. The
basic idea is tha al the deteded trail s are converted
into ‘attributables’, with four measured quantities,

correspording to two andes and two anguar velocity
comporents. Then a couple of attributables are tested
for the posshility of correlation, tha is of bdonging to
the same orbiting objed, by impasing four eguations
correspording to integrds of the unpeturbed 2-body
problem (versions of the algarithm also acmunting for
precesson dueto J2 are alrealy available). This way,

correlation needs to be attempted nat among all

couples of attributables, but only among thase with
time difference of the orde of few tens of seconds, to
be extended to afew minutes for co-rotating ohjeds.

4.1 Space observation major driving
concepts

Referring to the concepts expressed in the previous
chapters, the main system requirement for a Space
based System which is compditive with a Ground
based sensor is the cgpability of obtaining two trails
which can be immediately corrdlated. All previous
studies have clealy shown tha a space-based sensor
ohtaining at a single passge of a debrisin the field of
view too few observations for the computation of a full
orbit canna give a significant contribution to the
required build-up of a Space deoris orhit catalog. Of
course a constell ation of many SBSScould do this, but



then the number of satellites would be such that the
cog canna be compsitive. Thuswe have to assume as
driving concept the one of a correlating configuraion,
specificdly configured for this purpcse with a suitable
FOV. On the contrary the capability of tracking the
aready discovered debris, with al the timeliness
requirement to maintain the orbit acaracy envelope, is
na a driving concept, becaise the follow up
observations from Space are nat redly nealed, given
the ease of peforming tracking mode observations
from the Ground for objeds down to ~3 times small er
in diameter d than the ones discoverable from the
Grourd.

The main paameter to be used to ge a first
approximation of a performance estimate isthe anguar
velocity of the debris during one passinto the field of
regad (which is the convex envelope of the FOV).
This quantity of course also depends on the attitude
control of the S/C, but for the moment we will assume
that the S/IC has a simple attitude and pointing of the
telescope such as zenith (stars are trailing in the field
of view, but by an amount which can be managel by
the same techniques used for observations of GEO
from the ground). This assumption can be eventually
relaxed, but it is anyway obvious that a large anguar
velocity of the S/C would give a dgnificant
disadvantage The assumption of zenith pointing can
also be relaxed, but it is corred as first approximation
becais it avoids stray light from the Earth and, when
coupled with a sun-synchronaus orhit, guarantees a
phase of 90 degrees. Observations at lower phase are
always possible (looking in a diredion oppasite to the
Sun), but the distance to the shell containing the target
population would grow more thean the fador
compensating the advantage in phase. Unde these
assumptions it is possible to build a “preliminary
simulator” computing the apparent angular velocity on
the image given the dtitude of the Space Based
System orbit and of the debris orbit (both assumed
circular), as a function of the angle between orbita
planes (which coincides with the difference in the
longitudeof the ascending node for pdar orbits). From
the appaent angular velodty it is possble to compute
the time to cross eat portion of the dud correlated
FOV, thusthe probability of detedion in either one or
two portions, taking into acount the time span
between two images, which is limited by readout time
of the CCD chips and by bandwidth availability for
either transmisgon of the data or on board processng.

4.2  Selection of the target belt or belts

The next question is which are the orbital regions for
which the concept of a Space based corrdating
configuration, to be coupled with Ground based
tracking, can be eventudly applied.

Thus we discuss some representative and possble

Space based Survey missons for dl orbita belts. For
ead of the four orbital regions around the Earth we
asaume a st of two S/Cs equipped with the same
telescopetype

For low LEO we asume a Space based Survey System
in a Sun-synchronaus nealy circular orbit at 600 km
dtitude, targeting the most densely populated shell
around 800 km. For high LEO the same but at an
dtitude of 1200 km, targeting the densest group at
1400km. For MEO we assume a Spece based Survey
System in a circular orbit nea one of the Galileo
constell ation planes, at a lower atitude as an example
22500km. For GEO we assume an orhit plane nea the
equaor, at an dtitude of 35000 km. A detailed
optimizaion of the observation strategy should be done
for eat of these missons, but as a starting paint to fix
ideas we are assuming a zenith painting, with the FOV
stripes observed by ead S/C more or less paalld to
the along tradk diredion, separated by a 20 deg. gap
and with a 5x15 sg. degg. redanguar shape Further,
expaosures of 1 s for LEO, 10 s for MEO and GEO are
considered; thusan image can be taken onceevery 5 s
for LEO, every 15 s for MEO and GEO. The main
paameter is the angle a between the orbit planes of the
Space based System and of the observed debris. In all
the figures we are shawing only the range 0< a <180
deg, becaise the figures are symmetric (with respect to
the debris coming from the right/from the l€eft). In the
following figures we show the angular velodty (bladk
curve, deg/s), the maximum anguler velocity for a
cetain detedion in the FOV stripes (red curve, deg/s),
the probability of correlation, tha is the probabilit y that
the trail appears on bath stripes (assumed to be 5
degrees wide green curve, #/#) and the magnitudeloss
dueto the trailing fador T (assuming a pixel scde of
4.5 arcsedpixel; blue curve, Vi), as resulted for
different orbital belts.
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Figure 1. Observing strategy plot for a Low LEO
misson, observing the main concentration of debris
around 800 km of height from 200 km beow, the units
in the ordinate y-scale depend on the represented
curves andare explained in the tex.
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Figure 2. Observing strategy plot for a High LEO
mission, orbiting 200 km below the densest group of
LEO with altitude above 1000 km, which is around
1400 km, for y-axis units see Fig. 1 caption.
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Figure 3. Observing strategy plot for a MEQO mission,
observing the region surrounding the Galileo
constellation (from ~800 km below), for y-axis units
see Fig. 1 caption.
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Figure 4. Observing strategy plot for a GEO mission,
observing the geosynchronous belt from ~900 km
below, for y-axis units see Fig. I caption.

If the orbit plane of the sensor is close to the equatorial
one, the GEO objects with significant mass (excluding
the very high A/M objects, which cannot be lethal) can
only have inclinations up to 20 deg. Thus the
correlation is certain and the magnitude loss due to
trailing cannot exceed 3 magnitudes.

4.3 Summary of the obtained results.

Fig. 1, Fig. 2, Fig. 3 and Fig. 4 curves have been
obtained with a very simple model, and have to be
considered only as an indication of what is possible for
the different orbit regions.

Still there are some interesting conclusions which can
be drawn. The two regions of high-LEO and low-LEO
can be observed under the same conditions from 2
different Space based Systems sensors, each orbiting
about 200 km below the highest density shell in the
two regions. A single Space based System, even in
correlating configuration, cannot observe both regions
with the same performances. For each shell, to build up
a catalog including all orbital planes, a constellation
with multiple S/C has to be used. Thus there are 2 very
similar missions, which are very different from the
point of view of the compliance with mitigation
requirements. There is a strong indication that it could
be possible to protect an entire orbital shell in MEO
with a single Space based Survey System in correlating
configuration, e.g., a System launched m one of the
orbital planes of Galileo could protect all three planes.
The protection with a single System of the entire
enormous volume in space corresponding to the MEO
region is of course not possible. Thus the main issue is
the interaction among possible debris clouds generated
by one navigation system with another navigation
system, equally in MEO but at different altitude.

For a GEO application the observing conditions can be
good for discovery and step 1 correlation, but the
revisit time span for the same portion of the GEO belt
1s long (more than 1 month for the example of a 35000
km altitude S/C), thus confirming that there is no point
for discovering a debris which cannot be followed up
from the ground.

Tab.2 summarizes the discussion above for all
meaningful Space based Survey Missions.

It is clear from Tab. 2 that a Space Based Survey
System would be justified when objects smaller than
those required for catastrophic collisions have to be
monitored, with the possibility therefore to give a
contribution to the knowledge of objects entering the
lethality class problematic.



Table 2. Possible SBSS Missonsscenarios expeded performances andrelated P/L dimensons The second row
reports the minimumdiameter that can be tracked by onemeter classtelescope [ 2][ 3] from Grourd oncethe objed has
been surveyeal from Spae, whereasthe fourth row reports the correspondng Spae Telescopeentrance apeature
necessary to surveytheconsdered objed

Orbital region Low LEO High LEO MEO GEO
h<1000 km 1000<h<2000 km

Grourd survey (min diam, cm) 5 8 30 40

Ground tracking and Space Survey Target | 2.5 3 10 13

(min diam, cm)

Number of S/C 8 8 2 2

Diameter P/L Primary Mirror (cm) 50 50 30 20-30

5 CONCLUSIONS

The reported work has to be considaed a preliminary
bad to the envelop evaluation from which it results
that a very viable approac to judify the applicéion of
a Space based System is in tight collaboration with a
Ground Based asst.

Provided this fundamental assumption the concluson
of the above discussion can be summarized as foll ows:

e A vey interesting and cost effective approac of
designing an integrated ground/gpace system
which is consistent with the requirement of
creding and maintaining orbit cataloguesisto use
the space element to survey down to a size about
3 times smaller than the one for which discovery
is posshle with the groundbased survey,

o then follow up can be dorein tradking mode from
the ground with telescopes of the same class of
the ground-based survey.

Further the results remarked that a SpaceBased Survey
System, and in general a Space Based System, would
be judified only when one has to monitor debris sizes
smaller than thase implied by caastrophic collision
issues , opening a way to eventudly contribute to the
lethality isaues categary.

The presented results are the outcome of an internd
study for new initiatives in the SSA domain and is
expected to be hopefully further developed in the frame
of a dedicated granted program, in orde to investigae
in deal and consolidate the fundamental aspects
resulted from thiswork.
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